Gibberellin A, (GA,), 3-epi-GAI, GA4, GA,, 2, hydroxyGA,2, GA,5, GA,7, GA,,, GA20, GA2D, GA37, GA40, GAn,, GA69, GA70, and GA71 have been identified from Kovats retention indices and full scan mass spectra by capillary GC-MS analyses of purified extracts from sporophytes of the tree fern, Cibotium glaucum. Abscisic acid, dihydrophaseic acid, an epimer of 4'-dihydrophaseic acid, and the epimeric ent-6a,7a,16a,17-(OH)4 and ent-&x,7a,16f8,17-(OH)4 derivatives of ent-16,17-dihydrokaurenoic acid, in addition to the epimeric 16a,17-and 16fi,17-dihydroxy-16,17-dihydro derivatives of GA,2, were also identified in extracts of C. glaucum. An oxodihydrophaseic acid and a hydroxydihydrophaseic acid were also detected. In extracts of sporophytes of Dicksonia antarctica, GA4,GA9, 12er-and 124-hydroxyGA,2, GA,,,, GA2,, and GA37 were identified by the same criteria, as well as abscisic acid, phaseic acid, 8'-hydroxymethylabscisic acid and dihydrophaseic acid. This is the first time that GA40 has been identified in a higher plant; it is also the first report of the natural occurrence of the two gibberellins, 11a-and 124-hydroxyGA,2. The total gibberellin (GA) content in C. glaucum (tall) was at least one order of magnitude greater than that of D. antarctica (dwarf) based on total ion current response in GC-MS and bioassay data. Abscisic acid was a major component of D.antarctica and the oxodihydrophaseic acid was a major component of C. glaucum.
ent-6a,7a,16a,17-(OH)4 and ent-&x,7a,16f8,17-(OH)4 derivatives of ent-16,17-dihydrokaurenoic acid, in addition to the epimeric 16a,17-and 16fi,17-dihydroxy-16,17-dihydro derivatives of GA,2, were also identified in extracts of C. glaucum. An oxodihydrophaseic acid and a hydroxydihydrophaseic acid were also detected. In extracts of sporophytes of Dicksonia antarctica, GA4,GA9, 12er-and 124-hydroxyGA,2, GA,,,, GA2,, and GA37 were identified by the same criteria, as well as abscisic acid, phaseic acid, 8'-hydroxymethylabscisic acid and dihydrophaseic acid. This is the first time that GA40 has been identified in a higher plant; it is also the first report of the natural occurrence of the two gibberellins, 11a-and 124-hydroxyGA,2. The total gibberellin (GA) content in C. glaucum (tall) was at least one order of magnitude greater than that of D. antarctica (dwarf) based on total ion current response in GC-MS and bioassay data. Abscisic acid was a major component of D.antarctica and the oxodihydrophaseic acid was a major component In a previous paper (12) we reported the identification of 10
GAs,2 including three new GAs (GA69, GA7,, and GA7,) from young leaves (croziers) of the tree fern, Cyathea australis, family Cyatheaceae. We report here on the identification of endogenous GAs ( Fig. 1) Fractionation Procedure A. Extraction and Solvent Partitioning. The frozen croziers (1.0 kg f.w.) of C. glaucum were homogenized and extracted three times with 100% MeOH (1.5 L). The MeOH was evaporated in vacuo at 30°C and the aqueous residue was partitioned twice against n-hexane (0.5 L) at pH 5. The aqueous layer was then adjusted to pH 3 with 6 N HCI and extracted three times with EtOAc (0.7 L). The combined EtOAc extracts were partitioned three times against 5% (w/v) aqueous NaHCO3 (0.7 L). The combined NaHCO3 extracts were adjusted to pH 3 and extracted three times with EtOAc (0.7 L). The combined EtOAc extracts were dried over anhydrous Na2SO4, filtered and evaporated to give the acidic EtOAc-soluble (AEA) fraction (1.18 g).
The frozen croziers of D. antarctica (2.4 kg f.w.) were extracted and fractionated as for C. glaucum to give the AEA fraction (24.2 g). The AEA fraction, dissolved in EtOAc (50 ml), was left at 4°C for 24 h and then filtered from a white precipitate, which was washed twice with EtOAc (20 ml). The filtrate and washings were combined and evaporated to dryness (20.2 g).
SilicicAcid Partition Chromatography (10) . The AEA fraction (1.18 g) from C. glaucum was adsorbed on Celite (3 g) and placed on a column of silica gel (20 g; Fisher Scientific Co., 100-200 mesh) impregnated with 0.5 M aqueous formic acid (12.5 ml). The column was eluted stepwise, with 60 ml portions of n-hlxaneEtOAc mixtures (v/v), saturated with 0.5 M aqueous formic acid, as follows: Fractions 1 to 3 (0-20% EtOAc in 10% steps); fractions 4 to 13 (25-70% EtOAc in 5% steps); and fractions 14 to 16 (80-100% EtOAc in 10% steps). Following bioassay, fractions 3, 4, 5, 6, 10, 11, and 12 were recombined (219 mg) for DEAE-Sephadex chromatography.
Half (10.1 g) of the AEA fraction, from which the white precipitate had been removed, from D. antarctica, was chromatographed by a similar procedure to that used for C. glaucum, except that the scale was four times greater and the column was eluted in 200 ml fractions of increasing EtOAc in n-hexane. Following bioassay, the fractions eluting with 0 to 65% EtOAc in n-hexane were recombined (1.57 g) for DEAE-Sephadex chromatography.
DEAE-Sephadex Chromatography (5). The recombined fractions from C. glaucum (219 mg) were chromatographed on a column of DEAE-Sephadex A-25 (10 The recombined fractions from silicic acid partition chromatography of the D. antarctica extract (1.57 g) were subjected to DEAE-Sephadex chromatography as described above except that the scale was three times greater and that the column was eluted with 90 ml fractions. The fractions eluting with MeOH to 1 N HOAc in MeOH (1.22 g) were recombined and subjected to a second silicic acid partition column, as described above, using silica gel (24 g) impregnated with 0.5 M aqueous formic acid (15 ml). The column was eluted with 100 ml portions of the solvents, as described above. The fractions eluting from 20 to 45% EtOAc in n-hexane were recombined as one fraction for RP-HPLC. Bioassay. Each fraction was assayed using the dwarf rice (Oryza sativa L. cv Tan-ginbozu) micro-drop method (9) . The fractions from silicic acid partition chromatography were assayed at dosages equivalent to 
RESULTS
Extraction A. The AEA fraction from a MeOH extract of croziers of C. glaucum was subjected to silicic acid partition chromatography (10) . The fractions were bioassayed using the dwarf rice cv Tan-ginbozu microdrop method (9) . Fractions 3, 4, 10, 11, and 12, which had GA-like activity, and fractions 5 and 6, which showed inhibition, were combined and chromatographed on a DEAE-Sephadex A-25 column. Fractions eluting with 0 to 3 N HOAc in MeOH were combined and the material which eluted from a Sep-Pak cartridge with MeOH:H2O (v/v; 4:1) was fractionated by RP-HPLC. The resulting fractions were bioassayed using the dwarf rice cv Tan-ginbozu microdrop method (Fig. 2) . Fractions which exhibited GA-like activity, and also fractions which were inhibitory, were derivatized and analysed by capillary GC-MS (Table I) . (The fractions from D. antarctica with Rt less than 18 min were examined by GC and found to be too dirty for further analysis.) Gibberellin A4, lla-hydroxyGA,2, 12a-hydroxyGA12, GA20, GA37, GA58, and GA71 were identified by comparison of the Kovats retention indices (7) and mass spectra of their MeTMSi derivatives with those of authentic samples. Gibberellin A9, GA15, GA25, and possibly GA25-7-aldehyde, were similarly identified as their Me esters. Other compounds identified by GC-MS are shown in Table II . They include ABA and several derivatives of ABA, and the epimeric 16,17-dihydrodiols of ent-kaurenoic acid and GA12-The AEA fraction from a MeOH extract of croziers of D. antarctica was almost 9 times greater in weight than the corresponding fraction from C. glaucum, on a f.w. basis. Removal of a white EtOAc-insoluble solid, characterization of which will be reported elsewhere, reduced the mass of the acidic fraction which was subjected to silicic acid partition chromatography. No GAlike bioactive fractions were obtained even after re-chromatography of fractions 1 to 12, which should contain bioactive GAs. The inhibitory fractions 3, 4,5,7, and 9, in which GA-like activity may have been masked, were combined, passed through a SepPak column and the material which was eluted with MeOH:H20 (v/v; 4:1) was fractionated by RP-HPLC. The bioactive and bioinhibitory fractions were derivatized and analysed by capillary GC-MS (Table I} . Gibberellin A4 was identified by comparison of the Kovats retention index and full scan mass spectrum of its MeTMSi derivative with those of an authentic sample. Gibberellin Ag, GA15, and GA25 were similarly identified as their Me esters. ABA and DPA (dihydrophaseic acid) were also identified (Table II) .
Extraction B. In view of the large mass of the AEA fraction from the sporophytes of D. antarctica, containing low levels of GAs and high levels of inhibitors, an alternative purification procedure was devised. This procedure was applied to repeat extracts of sporophytes of both D. antarctica and C. glaucum. It differed from procedure A in three respects. First, the crude AEA fraction was treated with PVP to reduce the levels of phenolic components. Second, to reduce the total mass of the D. antarctica extract, an additional step of charcoal adsorption chromatography was inserted between repeat DEAE-Sephadex chromatography. Third, HPLC on a Nucleosil N(CH3)2 column replaced RP-HPLC on a C18 column, in order to change the elution pattern of the GAs and phenols. None of these steps were monitored by bioassay. The fractions from HPLC on the Nucleosil N(CH,)2 column were derivatized and analysed by capillary GC-
MS.
The GAs, identified by Kovats retention indices and full scan mass spectra, are shown in Table III . Gibberellin A1 was present in very low amount in the fraction from C. glaucum eluting from 11 to 14 min. The identifications of 12a-hydroxyGA25 and GA25-7-aldehyde from C. glaucum are only tentative since no authentic samples were available for comparison. The compounds listed in Table II were also identified from this extraction.
DISCUSSION
Nine GAs (GA4, GA,, lla-hydroxyGA,2, 12a-hydroxyGA12, GA15, GA20, GA25, GA37, and GA,7) of the 16 found to occur in sporophytes of C. glaucum, were identified using both the two adopted fractionation procedures A and B. However, one GA, GA58, was identified in procedure A only, and six (GA1, GA,,, GA19, GA40, GA69, and GA,O) in procedure B only. In the case of D. antarctica, 7 gibberellins were identified. Only GA4 was identified by both fractionation procedures; three (GA9, GA15, and GA25) by procedure A, only; and three (12a-hydroxyGA12, 12f8-hydroxyGA12, and GA3,) by procedure B, only.
There may be three reasons for the difference in the range of GAs detected in the two fractionation procedures. First, there could have been variation in the stage of development of the collected material; second, the purification steps were different; third, in extraction procedure A, fractions for GC-MS analysis were selected on the-basis of their biological activity, whereas in extraction procedure B, all the fractions from HPLC were analysed by GC-MS. Thus, the results are a salutary warning that only a selection of the total GAs in a plant may be identified by any one fractionation method. (2) for ABA and its metabolites has been used here.
